A virus (T94-0353) isolated from the small intestine of a 3-week-old kid with diarrhea and serous ocular and nasal discharge was identified as an adenovirus based on morphologic and physicochemical characteristics. Neutralization tests and restriction endonuclease analysis comparing the caprine adenovirus with the prototype bovine and ovine adenovirus serotypes and a previously isolated caprine adenovirus showed that the caprine isolate was antigenically distinct, produced a unique restriction pattern compared with currently recognized bovine, caprine, and ovine adenoviruses, and represents a new adenovirus type. The role and significance of naturally acquired adenovirus infection in respiratory and enteric disease in goats has not been established. Isolation of adenovirus from goats with disease coupled with seroepidemiologic and pathogenicity studies will help define the role of the adenoviruses in disease production.
Members of the family Adenoviridae have been isolated from cattle, sheep, and goats. Currently there are 10 types of adenoviruses in cattle (BAdV-1 through -10) and 6 types in sheep (OAdV-1 through -6) recognized by the International Committee on Taxonomy of Viruses. 12 There are 3 reports in the literature of adenovirus isolations from goats. Two adenoviruses, considered to be 2 different serotypes unrelated to the then-recognized cattle and sheep adenovirus serotypes, were isolated from goats affected with peste des petits ruminants in Nigeria 4 but are no longer available for comparison studies (R. P. Kitching, Pirbright Reference Laboratories, personal communication). An adenovirus that was neutralized by antiserum to OAdV-5 has been isolated from goats in Senegal with clinical signs of peste des petits ruminants. 11 A proposed new serotype of caprine adenovirus (GAdV) has been isolated from the brain of a 3-year-old goat with encephalitis in the United States. 10 A 3-week-old goat submitted to the Tulare Branch of the California Veterinary Diagnostic Laboratory System for necropsy had adenovirus-type inclusions in villous epithelial cells (Fig. 1 ). The kid was from a goat dairy of about 900 does and was 1 of about 50 kids with diarrhea and serous ocular and nasal discharge that had died. The kid had bronchopneumonia and crypt necrosis in the small intestine and colon.
Mycoplasma sp., Pasteurella haemolytica, and P. multocida were isolated from the lung. Fecal flotation for coccidia was negative. A virus (T94-0353) was isolated on ovine fetal turbinate (OFTu) cell cultures and tentatively identified as an adenovirus by electron microscopy. The purpose of this study was to describe the isolation and characterization of this virus.
Materials and methods
Cell culture. Low-passage OFTu cells were grown in Eagle minimal essential medium (EMEM) supplemented with 10% heat-inactivated bovine fetal serum (BFS) and gentamicin sulfate (50 g/ml). Cell cultures were incubated at 37 C in a humidified atmosphere containing 5% CO 2 .
Virus isolation. Small intestine (approximately 1 g) was ground in EMEM (10 ml) supplemented with 2% BFS, gentamicin sulfate (50 g/ml), and amphotericin B (10 g/ml) with a TenBroeck tissue grinder and clarified by low-speed centrifugation. Supernatant fluid (0.2, 0.5, and 1.0 ml), unfiltered and filtered through a 220-nm membrane, was used to inoculate tissue culture flasks (25 cm 2 ) containing subconfluent OFTu cells. The inoculum was allowed to adsorb for 2-4 hr then was replaced with fresh medium. Flasks were examined daily for virus-induced cytopathic effect (CPE), and cells were subpassaged after 7-10 days if no CPE was observed. Cultures with CPE were subjected to a freezethaw cycle, and the supernatant was inoculated into newly seeded flasks of subconfluent cells. The isolated virus (T94-0353) was biologically cloned by 3 successive plaque purifications. Stock virus was propagated in OFTu cells, harvested after 2 freeze-thaw cycles, and stored at Ϫ80 C.
Virus characterization. For negative-contrast and transmission electron microscopy, infected cultures were harvested by trypsinization when CPE involved Ͼ75% of the cells. The cells were pelleted by low-speed centrifugation (1,000 g), resuspended in either distilled water for negativecontrast electron microscopy or 2.5% glutaraldehyde for transmission electron microscopy, and prepared using stan- dard procedures. The virus was tested for sensitivity to chloroform, 4 acid, 9 and heat. 6 Adenovirus group-specific antigen was determined using a cross-immunoperoxidase test. BAdV-2 (bovine subgroup 1) was used for the Mastadenovirus group-specific antigen, and BAdV-7 (bovine subgroup 2) was used for the Atadenovirus group-specific antigen. 2 The 2 bovine adenoviruses and GAdV strain T94-0353 were inoculated into 24-well plates containing subconfluent monolayers of OFTu cells. When virus-induced CPE was evident, the monolayers were fixed and dried and rabbit adenovirus antiserum was applied followed by peroxidase-conjugated recombinant protein G. a Substrate solution (aminoethylcarbazole) b was added to each well and the plate incubated for 10-15 min. Cells with reddish brown cytoplasm were considered positive for groupspecific antigen. Normal rabbit serum was substituted for the primary antibody as a negative control.
Hemagglutination ability of the virus was evaluated by mixing serial 2-fold dilutions of supernatant fluid harvested from virus-infected cultures with a 0.25% suspension of freshly prepared red blood cells in 0.01 M phosphate-buffered saline solution (pH 7.4). Hemagglutination experiments were done in microtitration plates in triplicate at 4, 22, and 37 C using bovine, caprine, ovine, guinea pig, mouse, rat, and chicken red blood cells. Culture fluid prepared from noninoculated cell cultures served as control.
Neutralization tests. Reciprocal serum-virus neutralization tests for virus identification were done in microtitration plates as previously described. 10 Stock pools of prototype BAdV, GAdV, and OAdV and their corresponding rabbit antisera were used in cross-neutralization tests. Rabbit antiserum to goat isolate T94-0353 was prepared following biologic cloning. Bovine fetal turbinate cells were used for replication of the BAdV, OAdV, and GAdV. Serial 2-fold dilutions of reference antisera were made starting at 1:16. The reference and test viruses were diluted to provide 100 TCID 50 per well. Controls included back titration of the ref-erence and test viruses and a normal rabbit serum negative control. Serum antibody titers were expressed as the reciprocal of the highest dilution of serum preventing CPE in 50% of the wells after 7 days of incubation.
Restriction endonuclease analysis. Viral DNA was extracted from the infected cell monolayers as previously described 7 and modified. 13 Digestions with restriction enzymes BglII, HindIII, and PstI were carried out according to the conditions recommended by the manufacturer. c These enzymes were selected because of their extensive use in analyses of other members of the family Adenoviridae. The restriction digests were electrophoresed at 100 V for 4 hr in horizontal 1.0% agarose gels in Tris-borate buffer. The gels were then stained with ethidium bromide and photographed under ultraviolet light. GAdV-1, strain NC90-7261, was included for direct comparison of the restriction patterns. Genome size was estimated based on the electrophoretic migration of fragments produced in restriction digests compared with DNA fragments of known size.
Results
Virus-induced CPE produced by strain T94-0353 was first apparent approximately 7 days after cell culture inoculation. The virus was isolated on 2 separate occasions on either first or second passage. Subsequent passages of the virus produced CPE 48-72 hours after inoculation. Cytopathic effect was characterized by single intranuclear inclusion in cells that eventually became swollen, rounded, and refractile. In cultures stained by the May-Grünwald Giemsa method, multiple irregular intranuclear inclusions were seen early in the infection (Fig. 2) . When the titer of the inoculum was low, the CPE occurred first as foci and quickly became generalized over the entire monolayer, with detachment of infected rounded cells only after pro- longed incubation. Infectivity assays showed virus titers to be generally 10 5 -10 6.5 median cell culture infective doses/ml. Electron microscopic examination of cell lysates showed typical adenovirus virions (Fig. 3) . The diameter of the virions was between 70 and 80 nm. In ultrathin sections of virus-infected cells, crystalline arrays of virus were seen infrequently ( Fig. 4) . Virus isolate T94-0353 was resistant to chloroform and acid treatment (pH 3.0 for 30 min) and sensitive to heat treatment (56 C for 30 min). In the cross-immunoperoxidase test for detection of group-specific antigen, BAdV-2 and T94-0353 antisera produced strong homologous and heterologous reactions, whereas BAdV-7 antiserum produced a strong homologous reaction and a weak or no heterologous reaction with BAdV-2 and adenovirus T94-0353, indicating that T94-0353 shares the group-specific antigen with members of the genus Mastadenovirus. Hemagglutination was not observed with any of the erythrocytes used. The results of the cross-neutralization test are presented in Tables 1 and 2 . Antiserum to T94-0353 (homologous titer 8,192) neutralized OAdV-1 and -4 at a low level, but antiserum to OAdV-1 and -4 did not neutralize the T94-0353 adenovirus. The homologous to heterologous titer ratios were 64 and 128, respectively. Cross-neutralization with the other OAdV, GAdV, and BAdV serotypes was not observed. Restriction endonuclease patterns generated for strain T94-0353 are shown in Fig. 5 . The restriction pattern differed from that produced by GAdV-1, strain NC90-7261. Genome size was estimated to be 35.5 kilobase pairs (kbp).
Discussion
Virus strain T94-0353 isolated from the small intestine of a goat had the cultural, morphologic, and physicochemical characteristics of members of the family Adenoviridae. 12 Immunologic cross-reactivity among the recognized ruminant adenovirus types occurred only with T94-0353 antiserum. Antiserum to T94-0353 neutralized both OAdV-1 and -4 ( Table 1) , but the homologous-to-heterologous titer ratio was Ͼ16, indicating immunologic distinctiveness. 12 Restriction endonuclease analyses further indicated that strain T94-0353 is distinct compared with the currently recognized types of BAdV and OAdV and the previously isolated GAdV from the United States. 1, 3, 8 Because the GAdVs previously isolated 5 no longer exist and the T94-0353 isolate is antigenically and genomically different from the NC90-7261 isolate of goat adenovirus, we proposed strain T94-0353 be designated GAdV-2.
Like cattle adenoviruses, adenoviruses isolated from goats also belong to 2 genera. 2 The estimated genome size of 35.5 kbp is within the range (32.73-37.67 kbp) of that reported for BAdV subgroup 1, whereas the genome of the previously isolated GAdV is 28.2 kbp and is within the range (28.78-31.18 kbp) of that reported for BAdV subgroup 2. 1, 10, 14 The presence of group-specific antigen from both Mastadenovirus and 
* BAdV-9 strain Sofia-4/6ND was unavailable for use. † Prepared in rabbits against BAdV prototype strains. Ϫ ϭ titers of Յ16. Data are expressed as the reciprocals of serum dilutions. HindIII (lanes 4 and 9) , and PstI (lanes 5 and 10) separated in a 1% agarose gel and visualized by ethidium bromide staining. Molecular size standard bacteriophage lambda HindIII fragments (lanes 1, 6, and 11).
Atadenovirus indicates that a representative antiserum from both genera should be included when confirming the presence of adenovirus in lesions by either fluorescent antibody or immunohistochemical staining.
The role and significance of naturally acquired adenovirus infection in respiratory and enteric disease in goats has not been established. The adenovirus isolations from goats, including the kid in this report, all come from goats with clinical disease. 5,10,11 An adenovirus was identified by electron microscopy in intranuclear inclusions from the liver of an 11-day-old kid with lesions described as necrotizing cholangitis and mild generalized interstitial pneumonia. 15 The importance of the T94-0353 strain of goat adenovirus remains to be determined. Isolation of adenovirus from goats with disease coupled with seroepidemiologic and pathogenicity studies will help define the role of the adenoviruses in disease production.
